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本学位论文针对富 H2气体中 CO 的选择氧化（CO-PROX）这个反应体系，利
用碳纳米管（CNTs）作为载体，开发了 Pt-Co/CNTs 和 Pt/Na-CNTs 两种催化剂，
并对其各自的催化活性与催化剂结构之间的关联进行了深入的探讨，提出初步的
反应机理，取得了以下主要研究成果： 
采用共浸渍和甲醛还原法，制备了一系列 Co 促进的碳纳米管负载型 Pt-Co 双
金属催化剂（Pt-Co/CNTs），考察其对 CO-PROX 的催化性能，并与催化剂结构相
关联。结果表明，添加少量 Co 后，Pt-Co/CNTs 催化剂的低温 CO-PROX 活性显著
提高，并且活性优于其他载体。气体组成为 1.0% CO, 1.0% O2 , 50% H2, 48% N2 和
空速为 30,000 mL·h–1·g–1 时，最佳的 Pt-Co/CNTs 催化剂在 313 K 下即可实现 CO
完全转化，O2 生成 CO2的选择性 50%，该性能持续到 433 K。当 O2/CO 比为 0.7-0.8
时，通入 20% H2O 和 25% CO2，该催化剂可以保持 100% CO 转化率 100 h，并维
持 O2 的选择性在 62-71%之间。利用 XRD、Raman、TEM、XPS 和 O2-H2滴定等
手段研究催化剂的结构，表征结果表明：通过甲醛还原法制备的 Pt-Co/CNTs 催化
剂，Pt 纳米粒子尺度均一、高度分散在 CNTs 的外壁上，平均粒径为 2-3 nm。大
部分的 Co 以 CoO 的形式存在，附着于 Pt 纳米粒子的周围和表面，与 Pt 产生一定
的相互作用，并且推测此相互作用是 Pt-Co/CNTs 催化剂获得 CO-PROX 低温高活
性的主要因素。 
对于 Pt/Na-CNTs 体系，采用高温热处理法将少量的 Na+修饰到了 CNTs 的表
层，并通过甲醛还原的方法将 Pt 纳米粒子负载在该载体上，成功制备了一系列不
同 Na 含量的 Na-CNTs 负载型 Pt 基催化剂（Pt/Na-CNTs），并考察其对 CO-PROX
的催化性能，并与催化剂结构相关联。XRD 和 TEM 结果表明，Pt 纳米粒子平均
粒径为 2-4 nm，均匀的负载 Na-CNTs 的外表面上。XPS、Raman、CO-stripping 和
CO-TPD 等研究表明，经高温 Ar 热处理后一部分 Na+会嵌入 CNTs 表面的缺陷位，
并且嵌入量会随着处理温度的升高而增加。当 Ar 热处理温度为 773 K 时，嵌入载
体表面上的 Na+含量适中，负载 Pt 之后，Na-CNTs 载体表面上的 Na+会与 Pt 发生
了一定的相互作用，削弱了 Pt 纳米粒子低温下对 CO 的强吸附，使得该催化剂对















化，并一直持续到 433 K。当 15% CO2 和 10% H2O 同时存在的情况下，该催化剂
在 373 K 下可以持续反应 1000 h 不失活，表现出优异的活性和稳定性，展现了良

















    Using carbon nanotubes (CNTs) as support, this dissertation prepared 
Pt-Co/CNTs and Pt/Na-CNTs catalysts for CO preferential oxidation in H2-rich stream 
(CO-PROX). Both catalysts have been characterized in detail and the 
structure-reactivity relationships have been intensively investigated. The main 
achievements have been outlined as following: 
The CNTs-supported Pt-Co bimetallic catalysts (Pt-Co/CNTs) were prepared by 
co-impreganation and formaldehyde-reduction. The results indicated that the addition 
of Co into the Pt/CNT catalyst significantly improved catalytic performance, making 
it superior to other carriers supporting the same composition of Pt-Co. Optimized 
bimetallic Pt-Co/CNT catalyst could preferentially oxidize dilute CO in a H2-rich 
stream at a wide temperature window of 313-433 K. At a temperature of 353 K and a 
H2-rich stream with 1% CO, 0.7-0.8% O2, 20% H2O, 25% CO2 and 50% H2 balanced 
with N2, this catalyst could afford 100% CO conversion with 62-71% O2 selectivity 
for over 100 h. The transmission electron microscopic images revealed that the metal 
nanoparticles were uniformly dispersed on the surfaces of CNTs with an average size 
of approximately 2-3 nm, independent of Co loading. The results of X-ray 
photoelectron spectroscopy and nanoscale elemental mapping indicated that most of 
Co species were in the form of CoO, presenting on the Pt domain. Higher 
performance of the Pt-Co/CNT was attributed to the interactions between the Pt 
nanoparticles and CoO, those were supported on CNT surfaces 
    Na
+
-intercalated CNTs (Na-CNTs) were obtained by impregnation of CNTs with 
sodium acetate followed by annealing at high temperatures under argon. Stable 
Na-CNTs-supported Pt catalysts (Pt/Na-CNTs) were then prepared for CO-PROX. 
Characteristic studies showed that the content of Na
+
 species in CNTs was increased 
with increased annealing temperature and the Pt nanoparticles with an average size of 















Pt/Na-CNT catalyst with 5 wt% Pt loading could completely remove CO from 313 K 
to 473 K. This catalyst also exhibited long-term stability for 1000 h at 373 K in feed 
gas containing 1% CO, 1% O2, 50% H2, 15% CO2, and 10% H2O balanced with N2. 
The electron transfer between the Pt nanoparticles and Na
+
 species played an 
important role in enhancing the CO-PROX performance of the catalyst. 
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